Analysis of restriction enzyme-induced DNA double-strand breaks in Chinese hamster ovary cells by pulsed-field gel electrophoresis: implications for chromosome damage.
Restriction enzymes can be electroporated into mammalian cells, and the induced DNA double-strand breaks can lead to aberrations in metaphase chromosomes. Chinese hamster ovary cells were electroporated with PstI, which generates 3' cohesive-end breaks, PvuII, which generates blunt-end breaks, or XbaI, which generates 5' cohesive-end breaks. Although all three restriction enzymes induced similar numbers of aberrant metaphase cells, PvuII was dramatically more effective at inducing both exchange-type and deletion-type chromosome aberrations. Our cytogenetic studies also indicated that enzymes are active within cells for only a short time. We used pulsed-field gel electrophoresis to investigate (i) how long it takes for enzymes to cleave DNA after electroporation into cells, (ii) how long enzymes are active in the cells, and (iii) how the DNA double-strand breaks induced are related to the aberrations observed in metaphase chromosomes. At the same concentrations used in the cytogenetic studies, all enzymes were active within 10 min of electroporation. PstI and PvuII showed a distinct peak in break formation at 20 min, whereas XbaI showed a gradual increase in break frequency over time. Another increase in the number of breaks observed with all three enzymes at 2 and 3 h after electroporation was probably due to nonspecific DNA degradation in a subpopulation of enzyme-damaged cells that lysed after enzyme exposure. Break frequency and chromosome aberration frequency were inversely related: The blunt-end cutter PvuII gave rise to the most aberrations but the fewest breaks, suggesting that it is the type of break rather than the break frequency that is important for chromosome aberration formation.